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(57) ABSTRACT 
A shutter mechanism actuated by a plunger type sole 
noid in an exposure control system for a reflex camera 
is provided with a solenoid drive control for reducing 
the subject-distracting mechanical noise that is nor 
mally generated when the solenoid plunger is driven 
into its fully retracted position in order to close shutter 
blades forming a portion of the shutter mechanism, 
immediately prior to an exposure interval. The solenoid 
drive control comprises a microcontroller and a blade 
encoder to indicate the degree of blade closure. Blade 
closure signals are routed to the microcontroller that, in 
response thereto, causes a reduction in the amount of 
solenoid actuating current delivered to the solenoid to 
thereby reduce the amount of solenoid drive and there 
fore the amount of mechanical noise that is generated 
when the solenoid plunger is driven into the fully re 
tracted position. 

8 Claims, 4 Drawing Sheets 
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1. 

SHUTTER MECHANISM DRIVE HAVING 
REDUCED MECHANICAL NOISE 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to exposure control 

systems for photographic apparatus, in general, and to 
the control of the shutter blades in an exposure control 
system of a single lens reflex camera, in particular. 

2. Description of the Prior Art 
Photographic cameras of the reflex type have been 

developed wherein the exposure of photosensitive ma 
terial within the camera is both automatically and elec 
tronically controlled. Such cameras are often of the 
single lens reflex variety and require a complex expo 
sure control system in order to accommodate a requisite 
viewing or viewing and focusing mode. During this 
mode of operation the single lens reflex camera is in a 
normally open status wherein a shutter mechanism that 
forms a portion of the exposure control system allows 
or unblocks the passage of scene light through an expo 
sure opening or taking lens to a viewfinder. 
At the commencement of an exposure cycle, the 

shutter mechanism of the camera exposure control sys 
tem is driven into a closed or light blocking orientation 
whereupon the photographic camera is automatically 
operated to change from the viewing or viewing and 
focusing mode to an exposure mode in which photosen 
sitive film is made accessible to the optical path of the 
taking lens of the camera. 

In one type of single lens reflex camera employing a 
shutter mechanism of the "scanning' blade type, such as 
that described in U.S. Pat. No. 3,672,281 to E. H. Land, 
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when the camera has assumed the exposure mode of 35 
operation, the exposure control system operates to re 
lease a shutter mechanism from its light blocking orien 
tation where such exposure control parameters as expo 
sure interval and aperture size are controlled as a func 
tion of scene brightness as evaluated with respect to the 
sensitometric characteristics of the film being exposed. 
At the termination of the electronically determined 
exposure interval, the shutter is again driven to a fully 
closed or light blocking position to terminate exposure 
until such time as the camera reassumes the viewing or 
viewing and focusing mode. 
The actuation of the exposure control system to drive 

the shutter mechanism from its light unblocking orien 
tation to its light blocking orientation at the commence 
ment of an exposure cycle and prior to an exposure 
interval produces a considerable amount of mechanical 
noise that is often distracting to the subject being photo 
graphed. A subject within a scene hearing the mechani 
cal noise generated by the shutter mechanism at this 
point in the exposure cycle will often incorrectly con 
clude that this particular noise indicates that exposure is 
complete and start moving during the subsequent expo 
sure, thereby causing a blurred image to result. 
An example of an exposure control system operated 

in this manner is described in U.S. Pat. No. 3,942,183 to 
Whiteside. In this Whiteside patent a pair of overlap 
ping "scanning' type shutter blade elements are sup 
ported within a camera housing in a light path between 
a taking or objective lens and photosensitive film lo 
cated at the camera's focal plane. A pair of scene light 
admitting primary apertures are respectively provided 
in the blade elements to collectively define a progres 
sive variation of effective aperture openings in accor 
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2 
dance with longitudinal and lateral displacement of one 
blade element with respect to the other blade element. 
A tractive electromagnetic device in the form of a 

plunger-type solenoid is employed to displace the shut 
terblades with respect to each other. The solenoid is of 
conventional design having an internally disposed cy 
lindrical plunger unit which retracts inwardly into the 
body of the solenoid upon energization thereof. The 
solenoid plunger is suitably coupled to each shutter 
blade element such that, upon energization, the solenoid 
actuates the shutter mechanism to its fully closed posi 
tion. A subject distracting mechanical noise is generated 
when the solenoid plunger is retracted into its seated 
position within the solenoid body by the solenoid drive 
system. 

SUMMARY OF THE INVENTION 

It is a primary object of the present invention, there 
fore, to provide a shutter mechanism for a reflex camera 
that will provide a minimum of distraction to a subject 
being photographed when actuated to its fully closed 
position. 

It is another object of the present invention to pro 
vide a shutter drive for a reflex camera that will pro 
duce a minimum amount of mechanical noise when a 
shutter mechanism coupled thereto is actuated to its 
fully closed position. - 

It is a further object of the present invention to pro 
vide a plunger-type solenoid for driving a shutter mech 
anism that will produce a minimum amount of mechani 
cal noise when the plunger is actuated to its fully re 
tracted position. 
Other objects, features and/or advantages of the pres 

ent invention will be readily apparent from the follow 
ing detailed description of a preferred embodiment 
thereof when taken in conjunction with the accompany 
ing drawings. 

In accordance with a preferred embodiment of the 
present invention a solenoid drive control for use with 
a plunger-type solenoid in an exposure control system 
of a reflex camera is provided, that substantially reduces 
the level of subject-distracting mechanical noise that is 
normally generated when the plunger of the solenoid is 
driven into its seated position in order to place scene 
light controlling shutter blades coupled thereto in their 
fully closed position, immediately prior to an exposure 
interval. Means are provided for sensing the degree of 
shutter blade closure and for reducing the amount of 
drive generated by the solenoid when the solenoid 
plunger and shutter blades coupled thereto are driven 
into their seated or fully closed positions, respectively. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a photographic 
camera which incorporates a preferred embodiment of 
the quiet, shutter blade mechanism solenoid drive of the 
present invention; 
FIG. 2A is an exploded perspective view of a portion 

of the scanning type shutter blade mechanism schemati 
cally shown in FIG. 1; 
FIG. 2B is an unexploded top view, partly in section, 

of the shutter blade mechanism of FIG. 2A; 
FIG. 3A is an elevation view of the shutter mecha 

nism of the present invention showing the shutter blade 
elements thereof in their fully open positions; 
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FIG. 3B is an elevational view of the shutter mecha 
nism of the present invention showing the shutter blade 
elements thereof in their fully closed positions; 

FIG. 4 is a schematic diagram of a portion of the 
control system for controlling the electrical actuation of 5 
the plunger-type solenoid of the present invention; and 
FIG. 5 is a graph showing primary and secondary 

blade aperture size variations as a function of time, 
during an exposure cycle. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to the drawings, and specifically to 
FIG. 1, there is shown a single lens reflex (SLR) photo 
graphic camera 10 of the self-developing type which 
incorporates a preferred embodiment of a mechanical 
noise reducing drive control system for a shutter blade 
actuating, plunger-type solenoid of the present inven 
tion. The camera 10 includes an objective or taking lens 
12, of the fixed focus type, that may include one or more 
elements (only one shown) for focusing imagecarrying 
light rays of, for example, an object 14 on a film plane 16 
through an aperture formed in a shutter blade mecha 
nism or assembly 18. 
With additional reference to FIGS. 2A and 2B of the 

drawings, shutter blade mechanism 18, positioned inter 
mediate of the lens 12 and the film plane 16, includes a 
pair of overlapping shutter blade elements 20A and 20B 
of the "scanning' type. Scene light admitting primary 
apertures 22A and 22B, are respectively provided in the 
shutter blade elements 20A and 20B to cooperatively 
define a progressive and predictable variation of effec 
tive aperture openings in accordance with simultaneous 
longitudinal and lateral displacement of one blade ele 
ment with respect to the other blade element in a man 
ner more fully described in commonly assigned U.S. 
Pat. No. 3,942,183 to Whiteside, now specifically incor 
porated herein by reference. The blade element aper 
tures 22A and 22B are selectively shaped so as to over 
lap the central optical axis 23 of the lens 12 thereby 
defining a gradually varying effective aperture size as a 
function of the position of the blade elements 20A and 
20B of the blade mechanism. 18. A shutter drive 24 is 
provided for displacing the blade elements 20A and 20B 
of the blade mechanism 18 in the above-described man 
ner. The shutter drive 24 includes a tractive electromag 
netic device in the form of a plunger-type solenoid and 
a control system therefor for displacing the above-men 
tioned shutter blade elements. This plunger-type sole 
noid and its associated control system will be described 
below in detail. 

Each of the blade elements 20A and 20B of the blade 
mechanism 18 includes two secondary apertures 26A, 
28A and 26B and 28B, respectively. The aperture 26A 
in the blade 20A cooperates with the aperture 26B in 
the blade 20B to form an opening 30 and the aperture 
28A in blade 20A cooperates with the aperture 28B in 
blade 20B to form an opening 32 through the shutter 
assembly 18. These cooperating secondary apertures 
may be configured to track in a predetermined corre 
sponding relationship with respect to the scene light 
admitting primary apertures 22A and 22.B. With the 
primary and secondary apertures being formed in the 
same blade element and therefore being mechanically 
coupled to one another, it is readily apparent that the 
secondary apertures can move in the same manner as 
the primary apertures when the blade elements 20A and 
20B are displaced, in the above-described manner, with 
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4 
respect to one another. The amount of artificial light 
admitted to the film plane 16 through the primary aper 
tures 22A and 22B is controlled by a signal generated by 
a combination infrared photosensitive element 34 and 
integrator (not shown) within an infrared light sensor 36 
that senses and integrates a corresponding amount of 
infrared scene light through the opening 30. The 
amount of visible light admitted to the film plane 16 
through these primary apertures is controlled by a sig 
nal generated by a combination visible light photosen 
sor 38 and integrator (not shown) within a visible light 
sensor 40 that senses and integrates a corresponding 
amount of ambient light, through the opening 32. An 
example of scanning blade elements having primary and 
secondary apertures that cooperate to control the 
amount of scene light admitted to a film plane is shown 
in U.S. Pat. No. 3,942,183, supra. 
The camera 10 is provided with a blade position sen 

sor/encoder 42. The sensor/encoder 42 senses the posi 
tion of the blade elements 20A and 20B with respect to 
one another and generates a signal representative of the 
relative blade element position. The sensor/encoder 42 
comprises a light emitting diode 44, a photosensor 46 
spaced therefrom, and a plurality of slots or openings 48 
and 50 formed in the blade elements 20A and 20B, re 
spectively. The slots 48 and 50 are rectangular in shape, 
are of uniform size and are equally spaced in a linear 
direction in their respective blade elements. The slots 48 
and 50 are collectively interposed between the light 
emitting diode 44 and the photosensor 46 such that they 
alternately block and unblock the transmission of light 
between these two components to thereby cause the 
photosensor 46 to generate one or more pulses 52 repre 
sentative of the relative position of the blade elements 
20A and 20B. The position of the blade element 20A 
with respect to the blade element 20B defines the size of 
the effective or taking aperture formed by the primary 
apertures 22A and 22B in the blade mechanism 18. 
Therefore, the relative position of the blade elements 
20A and 20B represented by the pulse or pulses 52 is 
also a measure of the size of the effective or taking 
aperture formed by the primary apertures 22A and 22B. 
In addition and as noted above, the blade elements 20A 
and 20B are actuated between their opened and closed 
positions by a plunger-type solenoid to be described 
below with respect to drawing FIG. 3A and 3B. 
As shown in FIG. 3A and 3B, a movable member or 

plunger 54 of an electrical solenoid 56 is mechanically 
coupled to each of the blade elements 20A and 20B. 
Therefore, the pulse or pulses 52 generated by blade 
position sensor/encoder 42 during blade element 20A 
and 20B movement is also a measure of the position of 
the plunger 54 of the electrical solenoid 56. The size of 
the slots 48 and 50 in respective blade elements 20A and 
20B is kept to a minimum, in the direction of blade 
element movement, in order to minimize any shutter 
blade or solenoid plunger position errors between their 
actual positions and the signal or pulses 52 representa 
tive of such positions. 
With additional reference to FIGS. 3A and 3B of the 

drawings there is shown therein the plunger-type sole 
noid 56 with its movable plunger 54 mechanically cou 
pled to the blade elements 20A and 20B through a walk 
ing beam 58. FIG. 3A shows the blade elements 20A 
and 20B in their fully opened or light unblocking posi 
tions and FIG. 3B shows these blade elements in their 
fully closed or light blocking positions. Projecting from 
a camera support member or casting (not shown) at a 
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location laterally spaced from the opening formed by 
the primary apertures 22A and 22B is a pivot pin or stud 
60 which pivotally and translatively engages elongated 
slots 62 and 64 formed in shutter blade elements 20A 
and 20B, respectively. The opposite ends of the blade 
elements 20A and 20B respectively include extended 
portions which pivotally connect to the walking beam 
58. The walking beam 58, in turn, is disposed for rota 
tion about a pivot pin or stud 66 that is supported by a 
camera support member (not shown) at a location that is 
also laterally spaced from the opening formed by the 
primary apertures 22A and 22B. The walking beam 58 is 
pivotally connected at its distal ends to the shutter blade 
elements 20A and 20B by respective pin members 68 
and 70 which extend from the walking beam 58. Pin 
members 68 and 70 are preferably circular in cross sec 
tion and extend through respective circular openings 72 
and 74 in respective blade elements 20A and 20B so as 
to slidably engage respective arcuate slots or tracks 76 
and 78 formed in a housing support member (not 
shown). The arcuate tracks 76 and 78 operate to pro 
hibit disengagement of the blade members 20A and 20B 
from their respective pin members 68 and 70 during 
exposure control system operation. 
A tractive electromagnetic device in the form of the 

solenoid 56 is employed to displace the shutter blades 
20A and 20B with respect to each other to produce an 
exposure interval. The solenoid 58 is of conventional 
design having an internally disposed cylindrical plunger 
54 which retracts inwardly into the body of the solenoid 
upon energization thereof. The solenoid plunger 54 is 
affixed to the walking beam 58 by means of a pivot pin 
or stud 80 such that longitudinal displacement of the 
plunger 54 will operate to rotate the walking beam 58 
around the pivot pin 66 so as to appropriately displace 
the blade elements 20A and 20B. 
The solenoid 56 is supported, in a fixed position, just 

above a bias tensioning spring 82 which operates to 
continuously urge the blade elements 20A and 20B into 
positions collectively defining their largest effective 
aperture, overlapping the central optical axis 23 of the 
lens 12. A movable end of the spring 82 is attached to 
the walking beam 58 by a pin 84 projecting therefrom 
while a stationary end is affixed to a pin 86 extending 
from a camera housing support member (not shown). 
With this particular spring connection the blade mem 
bers 20A and 20B and the primary apertures 22A and 
22B respectively formed therein are biased to their 
normally open orientation. The blade elements 20A and 
20B are actuated to their closed position, as shown in 
FIG. 3B, only when the solenoid 56 is energized. Con 
sequently, energization of the solenoid 56 prevents the 
shutter blade elements 20A and 20B from moving 
toward their maximum aperture opening under the 
urging of bias spring 82. 

Actuation of the blade elements 20A and 20B of the 
shutter mechanism 18 from their fully opened to their 
fully closed position immediately prior to an exposure 
interval is controlled by the shutter drive 24, the expo 
sure control electronics module 88, the microcontroller 
90 and the blade position sensor/encoder 42. As shown 
in FIG. 4, the shutter drive 24 includes a system for 
controlling the amount of power supplied to a coil 92 of 
the solenoid 56 and therefore the amount of force ap 
plied to the blade elements 20A and 20B, for blade 
element actuation. The control system includes a pair of 
transistors 94 and 96 connected in a parallel relation that 
are in turn connected in series relation with respect to 
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6 
the solenoid coil 92. A current limiting resistor 98 is also 
connected in series with the solenoid coil 92 and the 
transistor 96. In addition, a battery 100 has its output 
connected between the terminals 102 and 104. When a 
series of pulses 106 are applied to a base terminal 108 of 
the transistor 94 the maximum output voltage of the 
battery 100 is periodically applied to the solenoid coil 
92. Similarly, when a series of pulses 110 are applied to 
a base terminal 112 of the transistor 96 a reduced 
amount of the output voltage of the battery 100 is ap 
plied to the solenoid coil 92 and the remaining portion 
of this output voltage is applied to the current limiting 
resistor 98. When the transistor 94 is in its fully conduct 
ing state, the plunger 54 is retracted within the solenoid 
coil 92 with the greatest amount of attractive force 
whereas when the transistor 96 is in its fully conducting 
state, the plunger 54 is retracted within the solenoid coil 
92 with a substantially reduced level of attractive force. 
The blade position sensor/encoder 42 generates the 

series of pulses 52 representative of the degree of sole 
noid plunger 54 and of relative blade elements 20A and 
20B movement and routes these relative position signals 
to the microcontroller 90 through a path 114. The mi 
crocontroller 90 preferably includes a number of con 
ventional preset counters (not shown) that count the 
number of relative blade element and solenoid plunger 
position pulses generated by the blade position sensor 
/encoder 42. The solenoid drive 24 is actuated to drive 
the shutter mechanism 18 by means of two separate 
series of pulses 106 and 110 generated within the mi 
crocontroller 90 and respectively applied to the base 
terminals 108 and 112 of the respective transistors 94 
and 96, as previously explained. At this point, a maxi 
mum and then a reduced amount of retractive force is 
alternately applied to the plunger 54 of the solenoid 56 
by the alternate energization of the transistors 94 and 
96. When one of the above-mentioned preset counters 
counts a first number of pulses from the blade position 
sensor/encoder 42, the microcontroller 90 reduces the 
duty cycle or the width of the pulses 106thereby reduc 
ing the “on” time of the transistor 94. As the "on' time 
of the transistor 94 is reduced, the "on' time of the 
transistor 96 is subsequently or alternately increased by 
the microcontroller 90 by increasing the duty cycle or 
the width of the pulses 110. As each of the above-men 
tioned preset counters senses a number of blade position 
pulses 52 equal to the number of counts previously 
stored therein, the duty cycle of the series of pulses 106 
and 110 is respectively decreased and increased in a 
conventional manner by the microcontroller 90 in a 
similar fashion. In this manner the level of the drive 
force being applied to the solenoid plunger 54 by the 
solenoid coil 92 is gradually reduced until a minimum 
force level is achieved. The solenoid plunger is with 
drawn into its seated or fully retracted position within 
the solenoid coil 92 while this minimum force level is 
being applied thereto thereby minimizing the amount of 
mechanical noise that would otherwise be generated if 
the maximum amount of retractive force was being 
applied to the solenoid plunger as it so moves into its 
fully retracted position as in conventional arrange 
ments. It should be noted that a reduction in solenoid 
plunger generated mechanical noise can also be 
achieved by merely pulsing the solenoid coil 92 "on' 
and "off" with a single transistor such as the transistor 
94 whose duty cycle is then gradually reduced. How 
ever, such an arrangement is not as effective in reducing 
the level of solenoid plunger generated mechanical 
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noise as the two transistor arrangement described above 
that applies two different levels of force to the solenoid 
plunger 54 during blade element movement. 
The camera 10 is also provided with an electronic 

flash apparatus 116 together with apparatus for control 
ling its energization in order to determine subject reflec 
tivity and to provide a portion of the exposure value 
required to illuminate a scene to be photographed. The 
electronic flash apparatus 116 comprises a main storage 
capacitor 118 which may be charged up to an operating 
voltage by any conventional voltage converter circuit 
(not shown) which would be included within a DC-DC 
voltage converter 120. The DC-DC voltage converter 
120 operates in a conventional matter to convert a DC 
voltage as may be derived from the battery 100, which 
can be in the order of 6 volts, to a suitable operating 
voltage such as 280 volts. A flash tube 122 and a series 
connected thyristor 124 are collectively connected in a 
parallel relation with respect to the main storage capaci 
tor 118. The flash tube 122 may be energized by a suit 
able trigger signal on a path 126 from a conventional 
trigger circuit (not shown) within the exposure control 
electronics module 88. When energized, the flash 122 
illuminates the scene and subjects included therein with 
both visible and infrared light. 
The camera 10 additionally includes an empirically 

derived look-up table 130. The primary purpose of the 
look-up table 130 is to control the amount of image-car 
rying scene light rays focused on the film plane 16 by 
the lens 12 through the effective or taking aperture in 
the blade mechanism 18 formed by the primary aper 
tures 22A and 22B, as a function of ambient scene light 
and of subject reflectivity. 
As previously explained, the amount of artificial and 

ambient scene light transmitted to the film plane 16 is 
indirectly measured by sensing a portion of the artificial 
and ambient or visible scene light through the openings 
30 and 32 in the blade mechanism 18 with photosensors 
34 and 38 and their associated integrators located within 
the infrared light sensor 36 and the visible light sensor 
40, respectively. A signal generated by the infrared 
sensor 36 and its associated integrator representative of 
reflected infrared scene light is routed to the look-up 
table 130 through a path 132 and a signal generated by 
the visible light sensor 40 and its associated integrator 
representative of ambient scene light is routed to the 
look-up table 130 through a path 134. The look-up table 
130 generates a plurality of different signals in response 
to these two signals for controlling the amount of in 
age-carrying light rays transmitted to the film plane 16 
through the primary apertures in the blade mechanism 
18. These plurality of different signals are derived for 
each exposure cycle, prior to an exposure interval. As 
an alternative, these signals may also be derived in the 
early stages of an exposure interval. 
The signals derived by the look-up table 130 are (1) 

an aperture size signal that controls the size of the tak 
ing aperture formed by the primary apertures 22A and 
22B at which the flash tube 122 is fired, on an output 
path 136; (2) a percentage of artificial light signal that 
controls the amount of artificial light to be added to the 
scene to be photographed by the flash tube 122, on an 
output path 138; (3) a percentage of ambient light signal 
that controls the amount of image-carrying light to be 
admitted to the film plane 16 through the primary aper 
tures 22A and 22B in the blade mechanism 18, on an 
output path 140; and (4) a signal to terminate the expo 
sure interval at a time dependent upon the magnitude of 
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8 
the artificial and ambient light signals appearing on the 
input paths 132 and 134, respectively, to the look-up 
table 130, if the exposure interval is not sooner termi 
nated, on an output path 142. 

Prior to the generation of the above-noted look-up 
table output signals on the paths 136, 138, 140 and 142, 
the ambient light signal generated by the visible light 
sensor 40 is routed to the microcontroller 90, through 
the look-up table 130 and a path 144, for temporary 
storage. Subsequent to the storage of this ambient light 
signal in the microcontroller 90 and prior to the start of 
an exposure interval, the artificial light reflected from a 
scene subject previously illuminated by a wink or short 
duration flash of light from the flash tube 122 is sensed 
by the infrared sensor 36 and a signal representative 
thereof is routed to the look-up table 130 through the 
path 132. The ambient light signal stored within the 
microcontroller 90 is then routed to the look-up table 
130 through a path 145. The stored ambient light signal 
and this infrared signal generated by the sensor 36 are 
collectively employed within the look-up table 130 to 
generate the above-noted signals appearing on the out 
put paths 136, 138,140 and 142 of the look-up table 130. 
The signals appearing at the output paths 136, 138, 

140 and 142 of the look-up table 130 in response to the 
artificial and ambient scene light signals respectively 
generated by the sensors 36 and 40 are empirically de 
termined. The look-up table 130 is constructed in accor 
dance with the subjective analysis of a multiplicity of 
photographic images of subjects at various distances 
having a range of reflectivities that are formed under a 
wide range of artificial and ambient scene lighting con 
ditions, in order to produce these signals. 

In general, when forming a photographic image at 
the film plane 16 of the camera 10, the smaller the taking 
aperture formed by the primary apertures 22A and 22B, 
the greater will be the depth of field of the lens 12 and 
the darker will be the ambient scene exposure level 
because of the reduction in image-carrying scene light 
caused by the smaller taking aperture. The look-up table 
130 is constructed such that it performs a tradeoff be 
tween the sharpness of a subject within the scene and 
the overall scene exposure. In performing this tradeoff, 
the look-up table 130 causes the flash tube 122 to fire at 
the smallest possible taking aperture, and therefore the 
greatest depth of field, that will provide the optimum 
sharpness of a subject within a scene and overall scene 
exposure. The look-up table 130 further improves the 
overall scene exposure in response to the artificial and 
ambient scene light level signals generated by the sen 
sors 36 and 40 by controlling the amount of artificial 
light generated by the scene-illuminating flash tube 122 
and by controlling the maximum size of the taking aper 
ture formed by the primary apertures 22A and 22B. 
As noted above, the camera 10 is of the SLR type and 

therefore includes a conventional reflex mirror 146 that 
is actuatable by the exposure control electronics module 
88 through a path 148. The mirror 146 is actuatable, in 
a conventional manner, between a viewing position 
where it blocks the transmission of scene light to the 
film plane 16 and where a camera operator can view a 
scene to be photographed through the lens 12, and a 
taking or unblocking position as shown in FIG. 1, 
where it reflects the scene light to the film plane 16 
during an exposure interval. 
The camera 10 is preferably designed for use with a 

self-developing film unit (not shown) similar to those 
described in U.S. Pat. No. 3,415,644 to Land, in com 
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mon assignment herewith, and specifically incorporated 
herein by reference. The self-developing film unit is 
packaged in a lighttight film cassette 150 shown in the 
condition assumed just after the cassette 150 has been 
fully inserted into the camera 10. The cassette 150 may 
enclose the 6 VDC battery 100. 
Mounted within the camera 10 is a film advancing 

apparatus 152 similar to that described in U.S. Pat. No. 
3,753,392 to Land that includes a motor for operating a 
gear train (neither shown) which is coupled with the 
film advancing apparatus 152 to provide for the contin 
uous movement of an exposed film unit from an expo 
sure position within the camera 10 toward the exterior 
thereof. The film advancing apparatus 152 additionally 
includes a film-engaging arm member (not shown) 
driven by the above-mentioned motor and gear train. 
The arm member is adapted to extend into a slot in the 
cassette 150, as shown in the above-noted Land 392 
patent, and engage the uppermost film unit located 
therein at or near its trailing edge prior to moving it out 
of the cassette 150 and into the bite of a pair of conven 
tional processing rollers (not shown) mounted adjacent 
the leading edge of the above-mentioned uppermost 
film unit. The processing rollers, which are rotated by 
the motor and gear train mentioned above, continue the 
uninterrupted movement of the exposed film unit 
toward the exterior of the camera 10 while simulta 
neously rupturing a container of processing liquid at the 
leading end of the exposed film unit. The processing 
rollers spread the liquid contents of the ruptured con 
tainer of processing liquid at the leading end of the 
exposed film unit. The processing rollers spread the 
liquid contents of the ruptured container between ele 
ments of the film unit to initiate formation of a visible 
image within the film unit in a manner that is well 
known in the art. 

OPERATION 

A typical exposure cycle will now be described in 
detail. For the purpose of this description it is assumed 
that the taking aperture of the blade mechanism 18 is in 
its full open position, that the openings 30 and 32 
formed by the secondary apertures in the blade mecha 
nism 18 are also fully opened, that the mirror 146 is in its 
viewing or light blocking position, that the flash appara 
tus 116 has been energized by the prior closure of a 
switch 154 that coupled the battery 100 to the DC-DC 
voltage converter 120 through the exposure control 
electronics module 88 and a path 156 and that the main 
storage capacitor 118 is fully charged and is ready for 
the initiation of an exposure cycle. With reference to 
FIGS. 1, 2A, 2B, 3A, 3B, 4 and 5 of the drawings, a 
switch 158 is actuated to its closed position by a camera 
operator to initiate the exposure cycle. The closure of 
the switch 158 couples the battery 100 to the exposure 
control electronics module 88 through a path 160. With 
the blade mechanism opening 32 formed by the second 
ary apertures 28A and 28B adjacent the visible light 
sensor 40 in its fully open position, the exposure control 
electronics module 88 and the microcontroller 90 cou 
pled thereto through a path 162 causes the visible light 
sensor 40 through a path 164 to integrate ambient scene 
light for a fixed period of time and then send the inte 
grated value to the look-up table 130 through the path 
134 and then to the microcontroller 90 through the path 
144 for temporary storage. 
The exposure control electronics module 88 then 

energizes the shutter drive 24 to actuate the blade mech 
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10 
anism 18 and therefore the taking aperture together 
with the opening 30 formed by the secondary apertures 
26A and 26B and the opening 32 formed by the second 
ary apertures 28A and 28B to their fully closed posi 
tions. As explained above, the control system within the 
shutter drive 24, in response to signals from the mi 
crocontroller 90 and the blade position sensor/encoder 
42 through the exposure control electronics module 88, 
gradually reduces the amount of force being applied to 
the shutter blade elements 20A and 20B by the plunger 
54 of the shutter mechanism actuating solenoid 56 to 
thereby minimize the amount of mechanical noise gen 
erated when the shutter mechanism 18 is actuated to its 
fully closed position. Subsequent to closing the opening 
30 and prior to the initiation of an exposure interval, the 
shutter drive 24 causes the opening 30 to increase in size 
toward its fully opened position. While the opening 30 
is being actuated toward its fully opened position, the 
exposure control electronics module 88 actuates means 
(not shown) for moving the mirror 146 from its viewing 
or light blocking position, where it precludes the trans 
mission of image-carrying light rays to the film plane 16, 
to its light unblocking position (as shown in FIG. 1), 
where it facilitates the transmission of image-carrying 
light rays to the film plane 16 during an exposure inter 
val. When the opening 30 adjacent the infrared light 
sensor 36 is in its fully opened position, the exposure 
control electronics module 88 triggers the flash tube 122 
through the path 126 and thereby illuminates the scene 
to be photographed with visible and infrared light prior 
to the initiation of an exposure interval. The exposure 
control electronics module 88 then triggers the thy 
ristor 124 through the path 128 thirty-five microseconds 
after triggering the flash tube 122 to thereby extinguish 
the light output of the flash tube 122. This thirty-five 
microsecond actuation of the flash tube 122 to illumi 
nate the scene constitutes a first pulse of light directed 
toward the scene to be photographed. 

In addition to the thirty-five microsecond actuation 
of the flash tube 122 to illuminate the scene prior to the 
initiations of an exposure interval, the exposure control 
electronics module 88 enables the integrator within the 
infrared sensor 36 through a path 166 during this same 
period of time and then causes the integrated value, 
which constitutes a measure of subject reflectivity, to be 
sent to the look-up table 130 through the path 132. 
Upon receipt of this subject reflectivity signal, the look 
up table 130 combines it with the ambient light or scene 
brightness signal previously stored in the microcon 
troller 90. These combined signals are then employed to 
generate the aperture size flash fire signal, the percent 
age of artificial light signal, the percentage of ambient 
light signal and the end of exposure signal subsequently 
appearing on the look-up table output paths 136, 138, 
140 and 142, respectively, that are, in turn, applied to 
the exposure control electronics module 88. Upon re 
ceipt of these look-up table generated signals, the expo 
sure control electronics module 88 activates the shutter 
drive 24 and the blade mechanism 18 coupled thereto 
such that the opening 30 formed by the secondary aper 
tures 26A and 26B is placed in its fully closed position 
and further activates the shutter drive 24 and the blade 
mechanism 18 to initiate an exposure interval. 
The exposure control electronics module 88 includes 

four conventional comparators (not shown) to deter 
mine when the four conditions represented by the look 
up table output signals on the paths 136, 138, 140 and 
142 and employed in the generation of an exposure 
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interval have been achieved. An exposure interval is 
defined herein as the period of time that the shutter 
mechanism 18 allows image-carrying light rays col 
lected by the lens 12 to reach the film plane 16. 
The first of the above-mentioned comparators com 

pares the reference or desired aperture size flash fire 
signal on look-up table output path 136 with the actual 
blade position signal and therefore the taking aperture 
size as represented by the pulses 52 from the blade posi 
tion sensor/encoder 42. When this first comparator 
determines that these two signals are equal, the expo 
sure control electronics module 88 once again triggers 
the flash tube 122 through the path 126 and thereby 
illuminates the scene being photographed with light 
containing both visible and infrared light during the 
exposure interval. 
The second of the above-mentioned comparators 

compares the reference or desired percentage of artific 
ial light signal on look-up table output path 138 with the 
actual level of artificial light illuminating the scene as 
sensed by the infrared light sensor 36 during the expo 
sure interval and routed to the exposure control elec 
tronics module 88 through the path 166. When this 
second comparator determines that these two signals 
are equal, the exposure control electronics module 88 
triggers the thyristor 124 through the path 128 to 
thereby extinguish the artificial light being generated by 
the flash tube 122. This illumination of the scene with 
artificial light constitutes a second pulse of light that is 
directed toward the scene to be photographed. 
The third of the above-mentioned comparators com 

pares the reference or desired percentage of visible light 
signal on look-up table output path 138 with the actual 
level of visible light illuminating the scene as sensed by 
the visible light sensor 40 and routed to the exposure 
control electronics module 88 through the path 164. 
When the third comparator determines that these two 
signals are equal, the exposure control electronics mod 
ule 88 actuates the shutter drive 24 to close the taking 
aperture in the blade mechanism 18 and thereby termi 
nate the exposure interval. 
Under certain scene lighting and subject reflectivity 

conditions there may be insufficient ambient and/or 
artificial scene light reflected from the scene for sensor 
36 and/or the visible light sensor 40 to generate a signal 
that is capable of causing the exposure control electron 
ics module 88 to terminate an exposure interval in a 
reasonable amount of time. A fourth comparator ar 
rangement is provided to overcome this problem. This 
fourth comparator compares a signal on the look-up 
table output path 142 representative of the level of an 
bient and/or scene light reflected from the scene with a 
predetermined reference signal stored within the expo 
sure control electronics module 88. If the signal on path 
142 is greater than the reference signal, the exposure 
interval will be limited to a relatively short period of 
time such as 40 milliseconds and if it is less than the 
reference signal, the exposure interval will be limited to 
a relatively long period of time such as 400 milliseconds 
unless terminated sooner by the presence of greater 
levels of ambient and/or artificial scene light. 
At the completion of the exposure interval, the expo 

sure control electronics module 88 actuates the mirror 
146 towards its light-blocking position, and actuates the 
film advancing apparatus 152 and the drive motor (not 
shown) included therein, through a path 168, to initiate 
the transport and processing of an exposed, self 
developing film unit. The film advancing apparatus 152, 
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12 
in turn, moves the exposed film unit located in the cas 
sette 150, through a path 170, into the bite of the pair of 
adjacent processing rollers (not shown), in the manner 
described above, to spread processing liquid between 
certain film layers and to move the exposed film unit 
into an exit slot (not shown) in a housing 172 of the 
self-developing camera 10. After the mirror 146 has 
been actuated to its light blocking position where it 
precludes the passage of light to the film plane 16, the 
exposure control electronics module 88 actuates the 
shutter drive 24 and the shutter mechanism 18 coupled 
thereto such that the primary or taking aperture thereof 
is placed in its fully opened position. After the film 
advancing apparatus 152 has moved the exposed film 
unit through the above-mentioned pair of rollers, a film 
movement completion signal is routed to the exposure 
control electronics module 88 and the microcontroller 
90 coupled thereto through a path 174. Upon receipt of 
this film movement completion signal, the exposure 
control electronics module 88 initiates the charging of 
the electronic flash apparatus 116 through the path 156. 
When the main storage capacitor 118 of the electronic 
flash apparatus 116 is fully charged, as sensed through 
the path 156, the exposure control electronic module 88 
places the exposure control system of the camera 10 in 
condition for the initiation of the next exposure cycle. 

In the exposure control system described above, a 
source of artificial light generated by the flash tube 122 
was employed to illuminate the scene with both visible 
and infrared light. The flash tube 122 illuminates the 
scene twice during an exposure cycle, once before and 
once during an exposure interval. Both the visible and 
infrared light were employed for exposure control dur 
ing an exposure interval. However, only the infrared 
light from the flash tube 122 was employed for exposure 
control immediately prior to or at the early stages of the 
exposure interval. By firing the flash tube 122 twice and 
utilizing the infrared light portion of the illumination 
generated thereby in the determination of subject re 
flectivity before an exposure interval, only a single 
source of illumination is required. It should be noted, 
however, that exposure interval and pre-exposure inter 
val illumination could be provided with two separate 
light sources. Once source would be that provided by 
the flash tube 122 to generate both visible and infrared 
light and would be employed during the exposure inter 
val. The other source would only have to emit infrared 
light prior to an exposure interval and therefore an 
infrared light emitting diode, for example, could be 
employed for such purposes. 
From the foregoing description of the invention it 

will be apparent to those skilled in the art that various 
improvements and modifications can be made in it with 
out departing from its true scope. The embodiments 
described herein are merely illustrative and should not 
be viewed as the only embodiments that might encom 
pass the invention. 
What is claimed is: 
1. A control system for a shutter blade mechanism 

comprising: 
a shutter blade mechanism having means for forming 

an aperture for the passage of light therethrough, 
said shutter blade mechanism being actuatable be 
tween a first state where it admits light through 
said aperture and a second state where it precludes 
the passage of light through said aperture; 

a solenoid including an electrical coil and a plunger 
that is connected to said shutter blade mechanism, 
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said plunger being movable from a first position 
where said shutter blade mechanism is in said first 
state to a second position where said shutter blade 
mechanism is in said second state when said electri 
cal coil is energized; 

means for sensing the degree of plunger movement 
and for generating a signal representative thereof; 

means for connecting said electrical coil to a source 
of power; and 

means coupled to said electrical coil connecting 
means and responsive to said plunger movement 
signal for reducing the amount of power supplied 
to said electrical coil as said plunger is moved from 
its said first to its said second position and the shut 
ter blade mechanism connected thereto is actuated 
from its said first to its said second state. 

2. The control system of claim 1 wherein said means 
for reducing the amount of power supplied to said elec 
trical coil includes a microcontroller that generates a 
series of variable width pulses whose width varies in 

O 

15 

20 
response to said solenoid plunger movement signal and . 
said means for connecting said electrical coil to a source 
of power is actuatable between a first condition wherein 
a maximum amount of power is supplied to said electri 
cal coil and a second condition wherein a minimum 
amount of power is supplied to said electrical coil in 
response to said series of variable width pulses. 

3. The control system of claim 2 wherein said mini 
mum amount of power connected to said electrical coil 
when said power connecting means is in its said second 
condition is equal to zero. 

4. An exposure control system for use in a single lens 
reflex camera for controlling the transmission of image 
forming light rays along an optical path from a scene to 
photosensitive material located in a film plane within 
the single lens reflex camera, said system comprising: 

a blade mechanism comprising a pair of overlapping 
shutter blade elements with each shutter blade 
element having an aperture therein that coopera 
tively define an exposure aperture, said blade 
mechanism being mounted for movement between 
a blocking arrangement in which said blade mecha 
nism is in light blocking relation with respect to the 
optical path so as to preclude scene light from 
being transmitted along the optical path to the film 
plane and an unblocking arrangement in which said 
blade mechanism is in light unblocking relation 
with respect to the optical path so as to allow the 
passage of scene light to the film plane through said 
exposure aperture when said blade mechanism is 
actuated between its said light blocking and un 
blocking arrangements to produce an exposure 
interval; 

encoder means for sensing the relative position of said 
shutter blade elements with respect to one another 
and for generating a signal representative thereof; 

a solenoid including an electrical coil and a plunger 
that is movable from a first position to a second 
position when said electrical coil is coupled to a 
source of power; 

means for coupling each of said shutter blade ele 
ments to said solenoid plunger; 

means for connecting said electrical coil to a source 
of power; and 

means coupled to said coil connecting means and 
responsive to said shutter blade element relative 
position signal for reducing the amount of power 
supplied to said electrical coil as said solenoid 
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plunger is actuated from its said first to its said 
second position as said blade mechanism, coupled 
thereto, is activated from its said light unblocking 
to its said light blocking arrangement prior to the 
actuation of said blade mechanism to produce said 
exposure interval. 

5. The exposure control system of claim 4 wherein 
said shutter blade elements are mounted for displace 
ment in opposite directions with respect to one another 
and said encoder means includes a generally linear array 
of blade position apertures in each of said shutter blade 
elements in an opposed relation, and a light emitting 
device and a light sensitive device positioned on oppo 
site sides of said shutter blade elements such that rela 
tive displacement of said shutter blade elements alter 
nately blocks and unblocks the transmission of light 
between said light emitting and said light sensitive de 
vices to generate one or more pulses constituting said 
signal representative of the relative positive of said 
shutter blade elements. 

6. A single lens reflex camera comprising: 
means for defining a film plane; 
an optical system for directing image-carrying light 

rays along an optical path from a scene onto photo 
sensitive material located in said film plane; 

a blade mechanism mounted for movement between a 
blocking arrangement in which said blade mecha 
nism is in light blocking relation with respect to the 
optical path so as to preclude scene light from 
being transmitted along the optical path to said film 
plane and an unblocking arrangement in which said 
blade mechanism is in light unblocking relation 
with respect to the optical path so as to allow the 
passage of scene light to said film plane through an 
exposure aperture, said blade mechanism including 
a pair of overlapping shutter blade elements with 
each said shutter blade element having an aperture 
therein that cooperatively define an exposure aper 
ture when said blade mechanism is actuated be 
tween its said light blocking and unblocking ar 
rangements to produce an exposure interval; 

encoder means for sensing the relative position of said 
shutter blade elements with respect to one another 
and for generating a signal representative thereof; 

a solenoid including an electrical coil and a plunger 
that is movable from a first position to a second 
position when said electrical coil is coupled to a 
source of power; 

means for connecting each of said shutter blade ele 
ments to said solenoid plunger; 

first means for coupling said electrical coil to a source 
of power; and 

second means coupled to said first means and respon 
sive to said shutter blade element relative position 
signal for reducing the amount of power supplied 
to said electrical coil as said solenoid plunger is 
activated from its said first to its said second posi 
tion as said blade mechanism, coupled thereto, is 
activated from its said light unblocking arrange 
ment to its said light blocking arrangement prior to 
the actuation of said blade mechanism to produce 
the exposure interval. 

7. A method of reducing the mechanical noise gener 
ated by a plunger-type solenoid actuated shutter blade 
mechanism comprising the steps of: 

providing a shutter blade mechanism having means 
for forming an aperture for the passage of light 
therethrough, the mechanism being actuatable be 
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tween a first state where it admits light through the 
aperture and a second state where it precludes 
passage of light through the aperture; 

providing a solenoid having an electrical coil and a 
plunger that is connected to the shutter blade 
mechanism, said plunger being movable from a first 
position to a second position when the electrical 
coil is coupled to a source of power; 

coupling the electrical coil to a source of power; 
sensing the degree of solenoid plunger movement and 

generating a signal representative thereof; and 
reducing the amount of power to the electrical coil in 

response to the signal representative of the degree 

5 

10 

15 

20 

25 

30 

35 

45 

50 

55 

65 

16 
of solenoid plunger movement, as the solenoid 
plunger is actuated to move from its first to its 
second position. 

8. The method of claim 7 wherein the step of sensing 
the degree of solenoid plunger movement and generat 
ing a signal representative thereof further includes the 
step of generating a series of pulses representative of 
solenoid plunger position, and the step of reducing the 
amount of power to the electrical coil includes the step 
of reducing the power to the electrical coil in response 
to these solenoid plunger position pulses. 

k k k k sk 


